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Abstract 
The work aims at the modelling of molecular spectra of complicated oxide glasses by the ab initio molecular dynamics. 
As a first step, a classical molecular dynamics simulation of Na2O·3SiO2 silicate glass has been performed to obtain a 
model of a rather simple glass structure in which some simulation size effects can be evaluated. Molecular vibrations and 
partial vibrational densities of states have been calculated within the harmonic approximation. Normal modes of 
vibrations have been projected onto vibrational modes of the symmetrized structure units Si-O-Si, SiO4 and used for the 
interpretation of experimental Raman spectra. It was found that vibrational spectra do not depend much on a cell size 
within the studied interval of 114-798 atoms.  
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1. Introduction  
Raman and infrared spectra offer valuable information about the local structure of complex oxide glasses. 
In most cases, spectral bands can be attributed to vibrations of particular atomic groups or domains present in 
the glass structure with help of the spectra of crystalline counterparts or by variation of chemical composition 
[3]. On the other hand, when experimental evidences are not convincing enough or some deeper insight into 
the atomic structure and dynamics is needed, ab initio or classical molecular simulations may be helpful [1, 2]. 
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Such simulations always provide a vibrational density of states (vDOS) and, in case of ab initio DFT 
simulations, even Raman and infrared intensities. However, the calculation of intensities is very demanding 
for extended bulk systems. The mode-projecting technique [1], in which the vibration displacement vectors of 
normal modes are projected onto the vibrational modes of typical structural units, e.g. bonds, bridges, 
polyhedra, etc. is an alternative approach in analysis of spectra. 
This work aims at the modelling of molecular spectra of complicated oxide glasses by the ab initio 
molecular dynamics (MD). As a first step, the classical molecular dynamics simulation of Na2O·3SiO2 silicate 
glass has been performed to obtain a model of a rather simple glass structure in which some simulation size 
effects and spectral features can be evaluated. In the next step, complex phosphate glasses containing heavy 
atoms will be simulated [4]. 
2. Theory & Simulation 
The MD simulation of Na2O·3SiO2 glass was performed by DL_POLY 2 software. Interatomic interactions 
were described by Buckingham short-range and Coulomb long-range potentials [6, 8]. A cubic computational 
box with the periodic boundary conditions was used. The MD simulation was performed under a constant 
volume adjusted to the experimental density at room temperature [5, 7]. To study vDOS size effects, glassy 
MD systems containing N = 114, 171, 228, 285, 342, 399, 798, and 1596 atoms were prepared. Up to 14 
independent configurations were obtained for each N. 
The ionic optimization of MD glasses was performed using the conjugated gradients method implemented 
in the GULP 3.0 software. Both atomic coordinates and cell parameters were relaxed to their equilibrium 
-point within the harmonic approximation. The mass-
weighted dynamical matrix was diagonalized to obtain eigenvalues (i.e. frequencies), { j}, and eigenvectors 
(i.e. normal modes), {ej} (j = 1, 2, ..., 3N). The total vibrational density of states (vDOS), g( ), is defined as  
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In this paper,  in (1  = 20 cm-1. A partial vDOS 
function, g ( represents a type of atom: 
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The weight factors, jiw , were chosen to normalize gg  hence 
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k meu  is the Cartesian displacement vector of the k-th particle for the j-th normal mode, mk is 
mass of the kth particle. The Cartesian displacement vectors were projected onto the symmetry units, A(i),  
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where i means a structural unit, i' is some atom in it. A(i), can be a molecular bridge A B A (point group 
symmetry C2v), and AB4 tetrahedra (Td). The partial vDOS, gA( ), is defined: 
 
N
j
j
jr
N
g
3
1
2
3
1
AA
. (5) 
3. Results & Discussion  
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Fig. 1. Raman spectra of sodium silicate glasses.
Adapted from [3].
Fig. 2. Total vDOS - size effects in the MD glass
Na2O·3SiO2. From 114 to 1596 atoms in a cell.
Fig. 3. Total and partial vDOS, bridging and non-
bridging oxygen atoms. N = 798 atoms.
Fig. 4. Partial vDOS of Qn units. Si5 is a five-
coordinated structure defect. N = 798 atoms. The error 
bars are shown.
Fig. 5. Projected vDOS, bridges Si-O-Si, symmetric 
stretching (A1s), asymmetric stretching (B1s), and 
symmetric bending (A1b) modes.
Fig. 6. Projected vDOS, tetrahedron SiO4, symmetric
stretching (A1), asymmetric stretching (F2s), symmetric 
bending (F2b), and asymmetric bending (E) modes.
As can be seen in Fig. 2, the total vDOS of the simulated glasses do not depend much on the number of 
atoms in a system. All curves match each other very well. It means that even rather small ab initio MD system
(114 atoms) can be useful for analyses of vibrations. One must keep in mind worse statistics of results in
smaller systems. Fig. 1 shows the reference Raman spectra of sodium silicate glasses published by Matson et
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al. [3]. On the other hand, the vibrational spectra of simulated glasses (Fig. 2) offer a quite different view due 
to missing Raman intensities. 
To reveal contributions of various atoms and structure units, partial vDOS spectra were calculated. The 
vDOS of bridging (bO) and non-bridging oxygen atoms (nbO) are shown Fig. 3. The maximum nbO-vDOS at 
950 cm-1 seem to be in agreement with paper [3]. The bO-vDOS contributes to more spectral features and 
must be further decomposed. The vDOS of silicon atoms in SiO4 tetrahedra is seen in Fig. 4. The peak 
maxima of Qn units (Q means SiO4, n is number of bridging oxygen atoms) increase from Q2 to Q4. The side bend 
of Q3 peaking at 1100 cm-1 is also mentioned in [3]. The Si-O-Si bridge vDOS is shown in Fig. 5. Both symmetric 
bending and stretching modes contribute to the band peaking at 700 cm-1 and 800 cm-1. The first feature has no clear 
counterpart in the experimental Raman spectrum (Fig. 1) but the second one matches well. This band is typical for 
the silica network and vanishes with increasing concentration of alkali modifiers. The B1s mode of Si-O-Si 
bridges contributes at higher wavenumbers and is related to the symmetric and asymmetric stretching modes of SiO4 
tetrahedra (Fig. 6). The F2s and F2b modes of SiO4 contribute to two strong bands with maxima at 1000 cm-1 and 1100 cm-
1. The first maximum does not have a counterpart in the experimental Raman spectrum. The second one coincides with the 
band usually attributed to Q3 units. The symmetric stretching A1 mode of SiO4 apparently originates from Q4 units. 
4. Conclusion  
The total and partial vibrational spectra of Na2O·3SiO2 MD glass have been calculated within the harmonic 
approximation. It was found that vibrational spectra do not depend much on a cell size within the studied 
interval of 114-798 atoms. The normal modes of vibrations have been projected onto the vibrational modes of 
the symmetrized structure units Si-O-Si, SiO4 and successfully used for the interpretation of experimental 
Raman spectra.  
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